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AffST KALT Or Y)I l£ DISCLOSURE 
Atj ».1ectrode device Tor electrically htiHtin^ undei^ground 
deposits of hydrocarbons such as oil sautl or oil sbnlo, PJxiral 
well pipe sections are joined through i.nsulated pipe joints with 
an electrode connected through one of the insulated pipe joint? 
to a loiter one of the pip? sections. Each of the insulated pipy 
joints includes a first tubular member having a flange portion 
at dug ctnd thCTHof, o r.econd tubular member having a cap portion, 
at one end lfhich is received in the f)ango portion of the first 
tubular mtimbiir with a gap therebetween , and an insulating member 
disposed in the gap ior hermetically coupling the first and 
second tubular members sad for electrically insulating first 
and second tubular member* from on© anotber. 



DLliCTROOE DEVICE FOR KkEiCTRTCALLY HEAT TNG 
UWJHsRUHOmiD DEPOSITS OF HYDIIOCAIIROXS 

BACKCKamP OF THE IKVE^TION 
The present Invention relates to an. electric device 

* r 

used to electrically heat untforground deposits of hydrocarbons. 
Wore specifically, the present invention relates ta an electrode 
5 device which is used to supply eloctrical power ta h.u underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a ifo^r viscosity and higher fluidity in order 
to more easily remove thera from the veil. 

Tho term 11 hydro carbons" as used hereinafter means 

10 • petroleum or oil, bitumen containod iii oil sand [also called 

"tar saj*d 11 ) and kerogen contained in oil Shale, These will all 
be referred to as ^oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity it is possible to extract the oil through the well 

15 either by gas pressure coexisting ir» the oil layer or by* forcing 
a liquid such as brine into one well to force the oil to flow 
out of another well. Uo«aver, should the underground oil have 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A general method of making the oil fluid is to heat the 

Z0 oil thereby to lower the- viscosity of the oil. The temperature 
suitable for this is different for different type* of oil. 

There have ho<=m proposed as oil layer heating methods 

! 
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the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
S be burned t and the jise of explosives. The last two methods are 
difficult ta CQUtToX so that thoy ^rs not in general usb. 

According to the method of injecting The hot water or 
water vapor at a high temperature and under a high pressure, 
the oil layer is heated to enhance the- fluidity of tho oil to 

10 ' cause the fluid oil to flow out to the ground surface. lf. t how- 
ever, some regions of' the oil deposit have a low resistance to- 
the flow of hot water or v/ater vapors or there are voids in the 
oil layer r the tfater or vapors may collect In these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and dense, the hot Mater or ita vapors will 
again not diffuse so that the oil layer cannot he heated. 

Heating by the supply of electrical power is perfunu&d 
by drilling a plurality of v/olls in the oil layer and "by establish- 
ing potential difference^ between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to the 
electrical current which flows therethrough. This technique is 
advantageous in that the oil layer can be vholly hoatad with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil, 

2S For improving the oil producing efficiency, there has 
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further been proposed a method, which includes a first step of 
beating the oil l*yor by electrical resistance heating and a step 
of injecting hot water or vater vapors at a high tempera lure and 
un&vr a high pressure when the qi.l layer becomes soft while con- 

S tinuihg the heatirfg so that the resultant fluid ail may He pumped 
Diit, In order Co efficiently heat the- oil layer, tho slBctroOe 
device must be suf f iniuntly electrically Insulated that the leak- 
age of electrically current into underground portions other than 
the oil 1«/«t i* avoided as much as possible. The electrode de- 

10 vico 5..s also required to be unbreakable with respect to the under- 
ground soil pressure, the pressure of th« vapors which are gener- 
ated by the hearting operation, and the pressure of injecled hot 
water or hot high pressure water vapors. The electrode doyic« 
Is further required to be free from loakago of hot water or hot 

j,S high pressure water vapors. 

Tii order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil sund \?ill be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially exposed in a valley or at the banks of 
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1 a river bat U< most oi/tcn located entirely undoxuroiuKi at n 

rtopth.of 200 to S00 ra wW-ie having a thickness of **yeral tene 
o£ meters., (me to consideration of economy And envirOiiBWutail. pro- 
tection, it is n^BBary to separate out the oil underground and 
to extract only the oil .troiu the well. Woreoyor, since the 
extraction of oil from a shallow underground iUayer is accompanied 
by a danger oi: subsidence, ir. it; desirable to extract oil only 
from xutdergrouiul layers Jyirwf deeper than 300 m. 

Further aspects of the background d± the invention and 

10 the Invention o.f the present application are deRcribed with 
the assistance of the accompanying drawings in' which t 

1 is a schematic sectional view showing a 
conventional prior art installation or the several type viith 
vhich the invention is utilised r 

l/ig + 2 is ei cross -a actional, view of an insulated pipe 

^oint of the invention; 

Fig. 3 is a orc-as- sectional vietf showing Bsvoral joined 
pipe sections, an electrode and insulated pipe joints in accordance 
v?ith the invention; and 
20 Pigs". 4-7 are a series of cross-sectional views 

illustrating the use of. insulating coatings in accordance with 

the invention - 

Fig. 1 illustrate is the" heating of an oil sand layer, 
fcy electrodes couplud to a power supply- in Fig- 1, reference 
numeral* 1 and 11 indicate main guide pipef> inade of steel, 2 
and* 12 indicate insulators joined to the main $uide pipes 1 and 

11, -J and 13 indicate electrodes joined to the insvlators 2 and 

12, p&rforationa are formed in the electrodes 3 and 13/ and 4 and 
14 indicate cables for feeding an electric current to the eXe- 

*0 ctuodes 3 and 13. This assembly in hereinafter called together the 



'electrode aevi<:e". Reference numeral 5 indicate a power 
a&urec, 6 indicates an oil sand leyer , 7 indicates an olectrio 
currustt flow in q between the electrodes 3 and 3.3, B indicates the 
grouncS surface, 9 indicates ail overburden layer,, and 3.0 in- 
dicate? a .Layer below the oil semd "layer, 

When a volt aye is appl Led to the electrodes 3 and 
13 which arc buried in the oil nand layer 6 from the power 
source 5 through the cables 4 and 14, tho current 7 flows .in 
accordance with the electric resistance of the oil sand lftycr 
6 as a xeBult 
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gf which the oil sand layer 6 is heated by Joule or resistant 
heating. Although, the current 7 paztially flows into Cho over- 
hurdan layer & and the layer 10, the leakage is maintained at a 
low level because the Insulators I and 12 are interposed between 
£ the main guide pipes 1 and ll and tha electrodes S and 15. Alter 
the oil sand layer G has been warmed r the powor supply is inter- 
rupted. Hot water ot water vapors- at a high temperature under 
^ a high pressure are then forced from the upper inlet of one main 
guide pipe 1 of the electrode device and flow through the oil 

10 saud layer 6 until they come out of the other main gu^de pipe • 
11 carrying the oil, Ju order to improve the flow rates of the 
hot water or the hot pressure- water vapors 7 perforations are 
formed in the electrodes S and 13. 

Since the upper portions of the insulators 2 and 12 

IS are connected to the main guide pl^e-s 1 and 11 and the lower 
portions are connected with tha electrodes 1 and 13, a down- 
ward tensile stress is alt/ays applied to the insulators* More- 
over, since tha assembly nan be at a temperature as high as 
2S0*C to S&O^C, the insulator* should bo ahle to withstand such 

2D temperatures. Also, since the insulators 2 and 12 are buried 

underground as deep as several hundred meters with the electrodes 
3 and 13 suspended from their lower ends Kith the upper ends 
thereof connected to the main guide pipes Z and 12 , the insulators 
2 and 1Z will almost certainly contact or collide with the well 

25 walls vhilo they are lot/axed into the w«ll. Because of the 
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gtuat total weight, any Alight contact will impose a hiyji much.*- 
nical impact upon the insulators 2 and 12< There fore, the 
Insulators 2 and 12 stc required to be able to withstand anticipated 
Levels of mochanicai iiapact* 

5 m an electrode device which heat? an oil sand layer 

when it is supplied vith an electric current, a major problem is 
that the cjlcctric resistance in t&e oil sand layer is approxijnately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they cannot generally 

10 be precisely stated. However > avorage values are XtMfi-m For 

chc oil sand layer and ltffl-150a-m Tor the overburden layer. As a 
result, if an electric current is supplied to ttfo electrode devices 
which are: constructed by connecting electrodes to guide pipes rn&de 
of steel pipes and by disposing those electrodes in the oil sand 

IS layfct, raOiSt of the current Kill be consumed in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes T?ith an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

20 which satisfy the afurcr&e tuiosied requirements. In one such 
attempt, flanged tubular members made of met.al are coated with 
*n argnsiic vesin which provides a high resistance tg heat. An 
appropriate material ia poly tetraf luoroethylene res in (fax example 
"Teflon™" -which is trade name of du ?Dirt) . with this 

25 cons true ti on f insulating member* are provided ichich are 

satisfactory in th^ir ability to withstand a suspending load 
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arid mechanical impact forces. However, it* tins proved quite diffi- 
cult to coat the flange- portions satisfactory with the insulat- 
ing material. Nar&over, even if satisfactory insulating char- 
acteristics are provided at tuvm temperature, the Insulating 
5 coating has a tendency to separata, especially around tho flange 
portions t duo to repeated therrwl expansion and contraction 
such as is typically oncoi^ntered in normal operating conditions, 
if the insulation coating is brolcon or caused to flake off , the 
insulators thus, produced become useless, 

10 Tn 3 second attempt , porcelain notorial has been used 

for forming the insulators. However, it is also necessary in 
constructing the insulators to take into account the requirement 
for providing water and oil tight characteristics with respect 
to th& connection between the- main guide pipes 1 and J.l and the 

IS oloctTodes 3 and 13 as vbU as between the insulating member. 
The connection ha3 generally been made by shrink fitting metal 
f>ip*j,s on the outer peripheral surface of the porcelain pipe and 
then connected with other metal pipes ordinary technique such 
as voiding or ctttachment with hol.ts. With this construction, 

20 although the wall or oil tight characteristics may be acceptable 
at room temperature, the strength of the shrink- fitted join^s 
tends to drop as the temperature is increased so that the abi- 
lity to support the suspended load is com-espondingly lowered, 
MoroovBT r breakage of tha porcelain may taken place as a result 

25 of the stress imposed upon the leading end portions of the shrinl;- 
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fitted areas* order to eliminate such drawbacks , there lias 
been proposed thg use of a porcelain pipe having ends formed 
as flange portions with the flanga portions fastened to met til 
pipes with packings interposed between thu contact surfaces. 
5 With this construction, the alio vc- stated requirements 3 re met 
at room temperature. However y the water and oil tight scaling 
tends to deteriorate upon repeated thermal expansion and con- 
traction. Moreover> porcelain intrinsically lacks strertfcLh 
against mechanical impact forces- Thus, it has a high tendoncy 

10 to be broken by a. mechanical impact force such as i.s ordinarily 
encountered while the> assembly is lowered through t.ho well. 
Thus, the protrj&icm of a porcelain insulator suffers from the 
unavoidable de-fact that there is a high tondency of breakage. 

Vet further , insulators foitnod of organic polymeric 

IS compounds have been proposed. Although such compounds may have 

a high strength at room temperature mid are- quite good electrical 
insulators, most or" the compounds of this general class are not 
particularly heat resistant. Spaci fi tally, very few compounds 
of this, type arc known which are resistant to hot water or water 
vapor at high temperature and under high pressure* 
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SUMMARY OF T\ll \ JNVTG N i TIOH 
In accordance th the invent ion* there is provided 
an clactTDdc dsvir.o tor electrically heating underground deposits 
of hydrocarbons including a plurality of well pipe sections > 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying an electric current to the under- 
ground deposits, a plurality of insulating pipn joints exch 
including u first tubular member having a flange pott ion at one 
end thereof, a second tubular member having a cop portion at 

10 one end thereof adapted to be received in the flange portion 

of the first tubular merabqx with a gap th erebetween and -an in- 
sulating member disposed i.T) the gap between the flange portion 
and the c^p portion for hermetically coupling the first and 
second tubular members while electrically insulating them from 

IB one another and with the insulating pipe* Joints being usurf to 

couple at least some of the pin* sections together arid the elec 
trade to cine af the pipe sections, and a cable connected to the 
electrode tor supplying an electric current thereto. 

At least sonuj of tho insulating pipe joints car* bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first- insulating portion disposed in the 
gap beti/eeu the flange portion in the tup portion and second 
instating portions disposed adjacent inner and outer surfaces 
i>f the tubular members with the first and second insulating por- 

25 tions being formed integrally with each other. Preferably * the 
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insulating member^ of earch of. the insulated pipe . jDiEitCi iv juado 
of a ijluss-wica molding formed Hrom powders of _ slar.s. and mica. 
An insula tine; coating may be provided on at least ei portion of 
the outer i>arnaoe of the insulated pipe joints- coat'in.g 
may bo a recjin' of po lytfc trail uor ou tiiyl euu , a resin of dxphenyl 
oxidii. >loxeovor r a protective layer of insulation can be 
provided around at lea?; I- a portion of the insulating costing* 
i?he protective lay^r may be* an inexpensive material, such as 
polyethylene, polypropylene or polyvinyl chloride. 

Further object.* and advantages of the invention will 
appear froio the following description taken together with the 
dcCOriipan ied drawing b . 

in accordance with the invention, thero ic provided 
an Bleutrical Keating electrode device which is entirely free of 
the above-mentioned dravbaefcs* A preferred embodiment of 
the electrode device of tlse invention will be described in aetail, 
iiiret with reference to Fi<f. 2 whiuh shows a crocs- sectional 
view o£ an insulated pipe joint 21 whiuh is Utilised vjit.ll the 
Blectro(3« aevic& of the invention. 

The pipe joint gonorally dcoignatcd 21 in Figure 2 
comprises four basic elemental 

a first tubular member 27 r a second tubular xnarabar 33, 
a cylindrical sleeve-like- cover member 29, and an insulating 
member 35. 

p i l he first tubular jr.o/itbex 22 compris&c a cylindrical 
tubular portion 23 with a radially outwardly extending flange 
portion 2A at a Luw&r end UK shown. 

The cecono" tubular member 33 compriBeu a cylindrical 
tubular portion 30 with a radially outwardly extending hub portion 
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25 at an upper end shown* The interior diameter of tubular 
portion 30 of the sucond t"f Hilar member 33 5.9 ehov/n identical 
to tht> interior diameter of Cuba! a r portion 23 ot the first 
tabular, Tuewbur 22. 

Hub portion 2T> of the 2nd tubular member 33 i& provided 
with an internal annular recess 31 as shown. Hub portion 2 5 
is also provided with external thread b 32 which mate with 
threads 2fl .on cover member 29 to be described, 

Sleeve -like cover member 29 comprises a cylindrical, 
tubular, tirum-'like portion 26 with, internal threads:. 28 at one. 
lover and as shown in Figure 2 and a ra&ial3y inwardly extending 
oap portion 27 at the other upper end\ As shown, tubular portion. 

26 has a larger internal dizuuetBr that the external diameter 
of flange portion 24 of the first tubular member 22 bo as to 
provide a gap therebetween to be occupied by insulating member 
3b. Cap portion 27 of cover mataber 29 hae an internal diameter 
larger than the external diameter of tubular portion 23 of the 
first- tubular jroernher 7.2 so as to form a <fap therebetween. The in- 
ternal diafnater of cap portion 27 is smaller than the external 
diameter of flango portion 24 of tht* first tabular member 22. 

Preferably the first tubular member 22, second tubular 
member 33 and cover member 29 are made from steel. 

XnsuXating member 35 include* an ou.ter .circumf erentially 
insulating portion 36 which surrounds external surface* of 
tubular portion 23 of firat tubular member 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recess* 31 of hub portion 25 dx the second tubular member 
33. The inner insulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the secoiid tubular member 
33, As jnay be seen, insulating jn&mbsr 35 comprises an integral 
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member extending from portion 36 thereof to portion 37 thereof, 
integral insulating member 35 tfcus space b surfnucs 0\\ blie Cirst 
tubular member 22 from surfacea of second tubular morabcr 33 an<1 
cover member 29 by a gap occupied as seen in i'igure 2 hy insula tiny 
member 35- Insulating member 35 insulates £irst tubular member 
22 from contact with second tubular member 33 and cover member 

Wxth cover tffcember 29 screwed down onto second tubular 
mombfcr S3 as shown in Figure 2, £lan#G portion 24 of first tubular 
member as encased by insulating member 35 ia sandwiched between 
cover iftoiobcr 73 and the upper end of hub portion 25 of the 
second tubular incmbex 33, whereby insulating member 35 may £orm 
a hernia tic ^eal between fir&t tubular member 22 and second tubular 
jocmbex 33, 

By screwing cover member 29 onto, second tubular 
member 33, first tubular merabor .22 may be firmly, sealably coupled 
to fiCGOQd tubular member 33 yet iftsulativeiy isolst^. therefrom. 

in assembly, first tubular portion 22 may be inserted 
through cover member 29 following which COve77 member 2? ntay be 
screwed bntO second, tubular portion 33. Th& ijnsulatixig member 
35 may be- £&&n to occupy a gap between the first tubular member 
22 and the combination of the second tabular member 3 3 and cover 
member 29. 

Preferably/ the entire insulating member is made of 
a composition of glass arid Jttlca and XS formed by a molding pro- 
cess. The insulating member is formed by hoaUing a mixture of 
powders of! glass and mica to a sufficiently high temper a tare 
that tho mixture becomes fluid* Once the mixture is fluid, it 
is pressure molded \w.ng a mo.l.d of appropriate shape. The for- 
mation of the insulating member 35 will be descirbod in inorc 
de bail. 



Tho f^rsh tubular niembor 22 Cu\d th« Becond tubular 
member 33 are assembled to be positioned aft shown iu Fig. 2 eind 
are tl\en heated to a predetermined temperature . TiiC two tubular 
Jiiembuxfe at the elevated temperature arc fitted into a T^old* 
Next, a mixture of glass atid mica powders is prepared by pre-- 
rftoldintf the Mixture into the farm oi a preliminary molded member 
of a cylindrical shape which will fit in thes gay between the 
tubular portion 23 of tbo first tubular member 2 2 and cover member 
2$. The preliminary molded jnember is heated to a predetermined 
temperature and fitted in the #ap in a he&tod condition. Heat, 
a pressure is applied to the preliminary molded member before 
it cools to force the* material of the mo^bcr to into l:be 

gap between the fix fit and second tubular members and into the 
internal annular recesi; 31 in the second tubular Member 33* 

jror the material of the preliminary molded member, 
45 vtt% of; glass powder prepared by r>ulv* rising a glaze ve-ed for 
enamel coating steel object*, commercially available- : as Product 
Ho. 2312 of Kippon Ferro, *,td. r to a eiae of; 2 00 mesh *iixed with 
55 wt:ft of mica powder of synthetic pblogopoifce of a Efize of 
f>[» to 200 mesh* 5 wt% of water is added to the resultant mixture* 
to. ^et it SO it can be molded. 1500 gtn of the netted mixture 
ie- molded using a ©old pressure molding process to form a cylin- 
drically shaped body utsing a IflOld (OOf- shown) . The preliminary 
molded jacrobfcJtr wau disposed in a drier at 120 n C for two hours 
to dry it prior to its use in forming the insulating member 35* 

Ah described above, the cover, member 29 and tba hub 
portion 25 arc joined by screw threads. However, the invention 
is not limited* thexe-to as the cover mRiabar 29 and the bub por- 
tion 25 can bu joined by gelding. 

Xn an alternate embodiment, the cap portion 27 of 
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1 the cover member 29 i» divided inl:o four quadrants Uwo of \*hicSn 
axe rhs flange portion 24 of the first tubular .member 

22 if; l.hon out vuuh that the rGfuuinihrj £>ait oC the liangu portion 
24 can Tit through the two removed quadrants o£ tho uap portion 
27 so that the flange portion 24 can be located uncier the cap por- 
tion 27 v£ the cover member 2S>. 

Vi L'h *:he insulated P?pe DOD.nt described above, a ten- 
sile force imposed on the ends ol th& joint is converted iiit.o a 
compressive force which acta between the cap portion 2? euicl 

lo flange portion 24, b'iixce the compression pl-r^ngth of the -insulating 
raembor of th£ type described is much greater than its tensile 
strenyth and since the £orcC par Unit area, can be f?ui Uably Bet 
by ndjuctJxcj the extend of. the area on -which the compressive 
forces arc applied, the resulting assembly in quite strong and 

tD ^itha-tand hitfh te-n^ila force-s imposed on the ends of the 
joint. 

JVt high temperatures, for instance 300°C T the heat 
resiiEtant characteristics o± the insula cincf member are primarily 
•determined by the thermal characteristics of the glass material 
20 used ae fche starting material. Particularly, the transition 
temperature of this xnatorial $s important, if the- transition 
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temperaurre i*» for instance , i" * range of 5Sft ' 6 C to 600 C. 
a high mechanical strength for the overall asspmbiy will be 
preserved to a temperature of at least 300 *C> 

Xith lospect to the resistance to mechanical impact 
S forces', the mica powder which U used to form the insulate 
me^for is composed of particles havinfc a flat shape wherein, 
the ratio of t3ie diameter to the thickness of a single scaJe 
particlo is generally in a .range of 30 to 50:1, Duo to the 
presence of the scat© particles, tho molded insulating membor 
10 has a laminated form thereby providing it vith a hifch elasticity. 
This high elasticity would not be present if the insulating 
member urere formed only of gin** powders . nuc to the laminated 
construction, the insulating member is provided with a much 
greater resistance to repeated temperature changes and mechanical 
15 impact forces then is a prior art type of insulating member made 
Q f an inorganic compound, Therefor*, the insulating member 
produce* in accordance with the invention is sufficiently strong 
that it can withstand the topical impact forces which arc en- 
countered during the use of the structure, 
213 NBXt, the construction of a preferred embodiment 

of an electrode devico of the invention utalitinft the above - 
doscribed insulated pnpe joint 21 will bo given vith reference 
to Fig. 3. Reference numerals 1 to 4 used in Fig. 3 indicate 
similar components as those of Fig, 1. The ri&hthand half of 
25 3 shows the completed structure of the insulated pipe joint 
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21. As sloven in the .figure, the insulating member 2 includes 
+H-D insulated pipe joints 21, One end of the insulating member 
2 is connected to the pipe 3 and the other to the electrode 
3. These connections may bp made hy we'll -know* technaijuos such 
as walding ox by the use of screw threads. 

As, in accordance with the invention, the completed 
SnsuliLtDd pipe joint 21 has a common tbvoughhole of constant 
internal diameter, the assembly and use thereof is quite easy. 
Tot instance, the provision of the above -described partitions 
is quits simple, fit course, ttiotg than two irtfiltl ated pipO joints 
21 can be provided as needed. Also, one ol' the pipe joints 21 
can be connected directly to the pipe 1. 

7f ne&ded, such as in the case brine having a high 
salt concentration is used, the outer surface- of the insulated 
pipe joint 21 can be covered with a coating 41 of an organic 
substanco having a sufficiently high heat resistant property. 
This is shown in the IcfthaTid part of Pig. 3. For example, the 
coating 41 can be formed by shrink fitting a "Teflon M tube. 

As du^ctihed &bore, in accordance with ths invention t 
tho pipes and tha oloctrodes arc connected through the insulated 
pipe joints. Tensile forces applied at the ends oC the insulat- 
ed pipe joints are converted into compression .forces vhich act 
between the cap portions and the flange portions thereof. Since 
the compression strength of thu insulating member is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invention has h suites high mechanical strung th and can 
withstand high pressures and strong mechanical impact forces 
so that it can be used under severe operating conditions often 
encountered in oil well application. 

S Yet further* the coating 41 and the insulating members 

' 2 and 12 of the electrode; can formed from, other materials* 
To determine what materials are best for these members, tests 
v/ere conducted to investigate the resistance ol ; various organic 
polymeric compounds to hot water and water vapor at high teropoTatuie 

10 and under high pressure. The compounds investigated are listed in 
Table 1 herein* 

Regarding the tests, test piocos of each of the materials 
were placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 

15 water. The autoclave was held at 2SD e C at an internal pressure 
of 68 kg/cm 2 for a period of 10 days* Tha autoclave- was then 
cooled to a room temperature and the test pieces ve-rc checked for 
appearance. The results are presented in Table 2 from which it 
can ba seen that hot water and steam had a much more adverse affect 

20 than dry heat. Of the materials tested* only polytetraf luoroe-tbylene 
resin and diphcjnyl oxide resin were acceptable. 

A coating of icater. and steam resistant resin can bo 
formed around the pipe 1 by ropcatedly applying coating of the 
raaterial and baking the assembly until the desired thUkiiess is 
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obtained. Also, a coating of- the heat Tftsistant revsn cart be 
formed by first preparing a tube ol the resin having an inside 
diameter slightly larger -than the outsi.de diameier of tho pipe 
l:.and then slipping the tube over the pipe 1, If the resin 
5 is in the form of a sheet or tape, it may be wound directly around 
the pipe 1 and then fusion -bonded if necessary. As described 
above, a heat -shrink able tube of polytetraf luoroethylcvrie can 
bo slipped over the pipe 1 aud heated to fit it tightly to the pipe. 
As discussed above , v/hoo the assembly including the 
10 electrode is inserted into the oil well, there is usiavoiflablD 
contact .with the inner wall of the v/ell so that the heat 
resistant insulating coating way be OamagBO- To prevent this, 
protective noting of insulation 16 may be formed around the 
insulation 15 as shown in Pig, 5. Since the protective cost tins 
IS of insulation 16 may melt or collapse if the electrode is 

exposed" to hijfh temperatures, it can be made of an inexpensive 
notarial such as polyethylene, polypropylene er polyvinyl chloride. 

Typically, the total length of the guide pipe 1 is 
200 to 500 m. However, a single section of the steel pipe that 
20 makes up the fuide pipe 1 is only about ID ut Id length. To join 
the pipe sections, each pipe section is provided with a taper 
thread on one end and the pipe sections are joiEied by screwing ■ 
them together. An insulating coating must also be formed around 
the joined parts of the pipe sections and on the surface of the 
2 5 coupling. To accomplish this, as show in Fig. 6, steal pipes 
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1A and IB are covered with the coaUug of heat resistant insulat- 
ing material ISA and 1SR and arc joined by a coupling 17* A 
coating of heat -resistant insulation 15C is formed around the 
coupling extending into adjacent areas, A heat-sKr inkable tube 
£ of a pDlytetrafiuoroethylejie is particular]/ suit.able in this 
case. 

To protect thu insulating coatings from direct contact 
vith the inner wa3l of the well, stoel pipe sections IA and IB 
covered with the coating of hoat resistant insulating material 
lEl ISA and 1SB and protective coatings of insulation 1GA and 16B 

are first joined through the coupling 17 , Thereafter > tho coupling 
16 is coated \fith the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the ad j neon t 
areas as shut/n in Fig, 7. 
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li\ and LB ore covered with tho coaUtig of heat T-esistant insulat- 
ing material ISA and 1FR ami arc joined by a coupling IV. A 
coating of heat Tesistant insulation 15C is. fonned uTounc* the 
coupling ext&nding into adjacent areas, A heat-sKrinkable tube 
£ of a polytetrafluDroethylene is particularly suitable in thi.i 
case. 

To protect thu insulating coatings from direct contact 
with the inner waJl of the well* stool pipe sections IA cmd IB 
covered with the coating of heat resistant insulating material 
^ ISA and 15 B and protective coatings of insulation Lfu\ and 16B 

are first joined through the coupling 17, Thereafter > the coupling 
16 is coated with the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the ad j aeon t 
areas as shorn in Fig, 7. 
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Table 2 



Sampl e A ppearance 
A OK. 

B " i\rrned into a Iwnp. 
C Do. 
I> ' Collapsed 

El OK. 

F Do* 

G ' Tamed into a lump. 

H Glass whitened 

(Resin ceuub sprrt) 

I »o. 

J Do. 
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V/NAT IS Cl.AlMlil) l'tf: 

1. An electrode device for electrically heoting under- 
ground deposits of hydrocarbons comprising: a plurality of wl>11 
pipe sections; an electrode adapted tt> in> disposed in an under- 
ground deposit of hydrocarbon* for supplying a7X electric current 

5 to said underground deposit;, a plurality of insulated pipe joints 
each including a first tubular member having a flan&e portion 
at one end thereof , a second tubxilar meTnbeT having a cap portion 
at (me end thereof adapted to be received in s^id flange portion 
of said first tubular member urith a ga^ thesrebc-tweon, and an 

10 insulating member disposed in said gap betKeeu said *fl an gR, por- 
tion and said cap portion for hermetically coupling said first 
a^d second tubvldx member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe Joints being operatively disposed lo couple at loast some 

3S i>f said pipe sections and said electrode tfbile electrically 
insulating said at least soml: of said pipe suctions and said 
electrode ^ and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are interconnected. 

3. the electrode device as set forth in claim 1 therein 
said insulating member of each .of said insulated pipe* joints 
comprises a first insulating portion disposed in said gap between 
said flange portion and said cap portion, and second insulating 
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portions disposed adjacent inner and ouirez surfaces of said 
tubular members > said first and second insula Ling portions 
being formed integrally with each other. 

4. c electrode device- as set forth in claim 1 therein 

said insulating member of o?tch of said insulated pipe joints 
is made of a glass -mica molding forced from glass and mica 
poi/dcrs . 

Tho ttLcctrode device as set foTtli in claim 1 further 
comprising an ansutAting coating profited op at least a portion 
gf an outer surface of said insulated pip* joints. 

6. The electrode doyico as set forth in claim S.vherein 
said insulating coating isrpolyteTrafUiorDcthf lene , 

7, The electrode device as set forth in clatJH 6 wheroin 
5aid insulating coating comprises a resin of thermally shrinkable 
polytetrafluoxofcthylene. 

r. The electrode device as set forth in claim 5 vjhOTGin 

said insulating coating comprises a tcsIh of dipbenyl oxide. 

9, The electrode device as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upon tit : •* 
least a portion of said insulating coating. 

10. xhD electrode device as set forth in any of claims S-7 
fuxthev comprising a protective layer of insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a materia] selected from the 
group consisting of polyethyle3ie > polypro^lene and polyvinyl chloride. 
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II. An cifHU-rodo dcvlcR for Ldoctrical.ly heatintf under- 

ground deposit* of hydrocarbons comprising a plurality o£ inter- 
connected well pipa seclionB, an ulootrodr. adapted to be disposed 
in an underground depart of hydrocarbons sullying electric 
current to said under ground deposit r ait least une insulated pipe 
joint including a firs* tubuUr member comprised of a well pipe 
section having a flamjO portion at onD Old thereof, u Second tubu- 
lar member cOin^r jtSfed of; said electrode d^poaad in LiligntuOcXt 
with said lirfct tubular member, t> cover mcrabsr carried by safcd 
BRcond tubular member havinci q clip portion At one end thercoi 
disposed in overlying relation to siu'd flange .portion above said 
first tubular momb&r with, a gap therebetween, an insulating member 
disposed in Said gap between said fl&ngo portion and said cap 
portion for hermetically coupling said first and second tubular 
member and for electrically insulating said first and second 
tubular members from one another, cable means connoctsd to said 
electrode for supplying an electric current to said electrode and 
an Insulating coating provided on *t least an outer surface of. 
said insulating £>lpc }oxnt« 




